Abstract. This work deals with the problems of uninterruptible power supplies (UPS) based on the singlephase to three-phase converters built in two stages: an input bridge rectifier and an output three phase inverter. The two blocks are joined by a continuous intermediate bus. The objective of control is threefold: i) power factor correction "PFC", ii) generating a symmetrical three-phase system at the output even if the load is unknown, iii) regulating the DC bus voltage. The synthesis of controllers has been reached by two nonlinear techniques that are the sliding mode and adaptive backstepping control. The performances of regulators have been validated by numerical simulation in MATLAB / SIMULINK.
Introduction
Uninterruptible power supplies (UPS) play an important role in interfacing critical loads such as computers, communication systems, medical/life support systems, and industrial controls to the utility power grid. They are designed to provide clean and continuous power to the load under essentially any normal or abnormal utility power condition.
In this work, we focus on adaptive nonlinear control for single phase to three-phase UPS system figure1, which is based on the single-phase bridge rectifier, threephase inverter and an LC filter. All IGBT-diode switches with PWM control, to ensure control the DC component of the output of the rectifier, the correction of the power factor and generating a symmetric three phase system. To achieve these objectives three control loops are used in [1] , [2] .
The first inner loop is designed, using the sliding mode technique, to ensure PFC. The second inner loop is designed, using the adaptive backstepping approach, to generating a symmetrical three-phase system with a three-phase resistive load supposed unknown. The outerloop involves a PI regulator that regulates the DC bus voltage [3] . This paper is organized as follows: Section 2 is devoted to the description and modelling of single-phase to three-phase UPS System, the synthesis of regulators is developed in section 3. The closed loop performances are illustrated by simulation in Section 4. The conclusion ends the paper.
System Descriptions and Modelling
The single-phase to three-phase UPS system under study has the structure of Figure 1 . At the same time, the two legs, IGBT-diode, works as a bridge rectifier and supply the DC-link bus with power. The other three legs work in inverter mode and feed the loads. The average model, in dq frame, thus obtained is described by three subsystems as follow:
where the various state variables are the average values, over cutting periods, of the physical variables, see table1: 
Controller Design
The aim is to design a controller which is able to achieve three follows objectives: PFC requirement: the current drawn by the single phase rectifier should be, in average, in phase with the grid voltage.
Output voltage regulation: the three-phase inverter must generate a symmetrical three-phase system despite the fact that the load resistance is unknown.
DC link voltage regulation: the DC component of the voltage must be stabilized to a desired reference voltage.
PFC inner loop design
Based on the first sub-system (1), The PFC objective is achieved by the regulator, using the sliding mode control [4] , [5] , that enforces the current s x to track a reference signal of the form ( ) 
The convergence condition is defined by the Lyapunov function
The equivalent component can be interpreted as the average value modulated, we obtain:
The non-linear component is determined to ensure the attraction of current to the sliding surface and satisfy the convergence condition described by (5), then:
The sliding mode control law is as follows:
Three-phase system inner loop design
The controller must force the three-phase system voltage of three-phase inverter DC / AC to track reference signals with the reference signals in dq frame follow:
The synthesis technique used is known as the adaptive backstepping and is completed in two steps.
Step 1: Stabilization of the subsystem ( )
e ,e ,d % Consider the tracking error vector 1 E defined by :
and its dynamics is given by:
We use the following Lyapunov candidate function: 
where ( ) 
Then, equation (11) becomes, using (14) and (15): 
Derivatives of stabilizing functions can be written in the 
and adaptation law is:
DC voltage outer loop design
The aim of the outer loop is to generate a tuning law for the signal b so that the output voltage dc x is steered to a given reference value * dc
x . This is the subject of the following proposition.
Proposition: Consider the single-phase to three-phase described by (1, 2 and 3) augmented with the inner control laws defined by (8), (22) and (23) 
At this point, the regulator parameters ( ) exists.
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Numerical Simulations
The performances of proposed controllers are validated by simulation in MATLAB/SIMULINK environment. The parameters of the controlled system are given in the . Figures 2 to 5 show the simulation results of uninterrupted power system based on the single-phase to three-phase under the effect of a load change when the reference DC bus voltage is set at 1600V. The variable load R is periodic with period 0.6 s alternates between 10 and 20 in each half period. Figure 2 , we see that the current s i and the input voltage s v are sinusoidal and in phase with the current amplitude change inversely proportional to the change of the load. This shows that the correction of the power factor is well established. Figure 3 shows the evolution of the output phase voltages Can v , Cbn v and Ccn v of the three phase inverter which is a three-phase system that provides balance even if the load changes. This is because the estimated d converges rapidly to its true value (Figure 4) . Finally, Figure 5 shows that the DC bus voltage dc x perfectly follows (in average) its reference. 
Conclusion
In this paper, an adaptive nonlinear controller is proposed for the single-phase to three-phase UPS System used in power systems without interruption. It has been formally established that the obtained controller meets its objectives such as: i) unity input power factor PFC feature is enabled, ii) high-quality sinusoidal output voltages, even with a unknown resistive load, iii) regulation of the DC bus voltage, and iv) excellent transient characteristics and stability.
